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negative or print. Notable exam- 
ples of this type of problem are 
many of the flash radiographs made 
by Group M-2 at LASL‘s PHER- 
MEX facility during explosion ex- 
periments. The  nature of ilash 
radiography is such that arcas of 
interest are often very flat in the 
rcsultant image. I n  1970, Group 
C-5 (statistical services) began as- 
sisting Group M-2 in their early 
cfforts to enhance the images; in 
1974 parts of the 2 groups merged 
to form Group C-8. The current 
I’HERMEX cnhancement work is 
carried out by James Rreedlove, 
Rollin Whitman, Howard Demuth, 
and Martin Lahart and still ac- 
counts for about 25 per cent of 
Group C-8’s “business” today. 

The  enhancemcnt process begins 
when Dick Bagley in  Group C-8 
sets up a photo so that it may be 
scanned line by linc. A great num- 
ber of points at regular intervals 
along cach line arc light-metered. 
These values become numbers that 
can then be used by a computer. 
In  the computer, all the numbers, 

Key hardware for image 
enhancement or correction 
is a computer, being 
operated by Dick Bagley, 
C-8, left, and a scanner 
being set up by Dick 
Kruger and Mike Cannon, 
both C-8, right. The 
scanner traverses a photo 
line by line, measuring 
tones at thousands of 
points. This digital data is 
fed into the computer for 
alterations. 

or just those numbers pertaining to 
arcas of interest, are altered. For 
instance, numbers close together in 
value can bc separated by such 
means as adding or subtracting a 
minimum or maximum density 
value from each, thcn multiplying 
by a constant. The  new set of num- 
bers can then be used to form a T V  
image or make a new photo in 
which areas of interest show con- 
trast and definition, thus providing 
mow informative images to ex- 
perimen ters. 

“The heart of thc process is in 
writing an algorithm that will in- 
struct the computer to perform the 
mathematical operations appropri- 
ate to the problem,” says Michael 
Cannon, C-8. And he further ex- 
plains that an algorithm is a set of 
instructions for repetitive mathe- 
matical operations. Although writ- 
ten mathematically, in English a 
simple algorithm might read: if “a” 
is larger than “b,” do this. If “a” is 
smaller than “b,” do that. No 
human could perform thc hundreds 
ol thousands of individual altera- 

tions required even for a small 
photo, at least not within an ac- 
ceptable time period, but com- 
puters can do it in seconds. 

Although enhancing contrast and 
definition employs what would to- 
day be considered “simple” algo- 
rithms, such is not always the case 
for other types of “surgery” that 
Group C-8 is now conducting. Algo- 
rithms to make an out-of-focus 
photo acccptably sharp and rich in 
detail, for example, call for mathe- 
matics of a high order. LASL’s 
facility for image cnhancement and 
restoration is 1 of the 5 major 
facilities for this purpose in the 
country, and Group C-8 has bccn 
crcdited with many software con- 
tributions to the state of this spe- 
cialized art. 

In  some cases, a blurrcd photo is 
imposcd upon researchers simply 
as a limitation inherent in the na- 
ture of the subject or thc photo- 
graphic technique itself. In  other 
cases, it may, just as for an amateur 
photographer, be the result of 
camera movement or an error in 
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A t 1  cxuinple ot ctihaticitig ail x-ray tu show contriist a id detail, of potentid interest to 
urihudontisjs, is shown rrbovo. Enhamcetmnt in the  photo at right bring:, out better, 
:rticirper detail b r h  in teetli and burw structure. Below, dernonsiration photos show how 
an o l J t - ~ l f - f O C ~ l 5  phsio niuy he made rlcc.eptnbly sharp. 

Kcttcliir distortioris circ itrhcreiil in sciti:Iiiii: photos due to elccironics, us in th is  photo of 
ilrc Jetnc~  Ccildercl ticw Lrc, Alanros. c;~oup @-8 alters thc photo at left to show true 
p”peGtives in lhi? phutu rrl  righi. 



mines where the boundary should 
be and draws it in. 

Another application of this cell- 
boundary detection technique sup- 
ports Bryan Goldstein, T-10, in  his 
studies of the ability of certain cells 
to form antibodies. Kruger receives 
photographic results of experiments 
conducted by Stella Esrig at Fair- 
leigh Dickinson University. One 
serics of microphotographs shows a 
substance called placque expanding 
around an antibody-forming cell. 
Boundarics are difficult to deter- 
mine visually, but the computer 
draws them in, enlarging the boun- 
daries progressively for each photo 
to show the placque’s growth. 

A similar boundary-detection 
technique is applicable to other 
tasks. For instance, small air voids 
in the high-explosive portion of an 
artillery shell can cause accidents. 
Conventional x-rays of shells are 
virtually impossible to read for 
these voids. The  computer can de- 
tect regions containing voids and 
depict thcm quite emphatically. 

And there are other methods in 
Group C-8’s “bag of tricks.” One 
technique that appears both sophis- 
ticated and cxotic, but, compara- 
tively speaking, is simple and 
straightforward, is the depiction of 
a black and white photo in color. 
Various black and white tones are 
assigned colors. I n  the finished T V  
display or image, the different 
colors create a vivid delineation of 
various tonal areas. 

An essential part of Group C-8’s 
operation is known by the odd 
but easily remembered acronym, 
LADIES (Los Alamos Digital Im- 
age Enhancement System) Library. 
Tom Alexander, Sherron Kirk- 
patrick, and Clarice Cox have cre- 
ated antl catalogued many of the 
algorithms lor processing various 
types ol imagcs, a rec,ource that 
speeds antl simplifies projects not 
only lor Group C-8, but €or all 
LASL groups with an intcrest in 
processing digital pictorial data. 

1 he future for computerixd en- 
hancement, restoration, and man- 
ipulation of images to discover and 
analyze meaningful detail seems 

r 7  

limitless. One promising field is in 
satellite photography, such as by 
the 2 LANDSAT satellites launched 
by NASA to record images of the 
ground beneath them. 

The  LANDSAT orbits are set so 
that the rotation of the earth under 
the satellites brings under surveil- 
lance about 90 per cent of the 
earth’s surface, which is recorded 
at the rate of 1,500 images a week. 
Merely handling this volume on a 
clerical basis, such as annotating 
for weather conditions, would re- 
quire computerization. But the 
need for computerization extends 
far beyond this simple application. 
Photo4 arc made in 2 visible and 2 
invisible spectra. Each spectrum 
brings out meaningful detail in cer- 
tain features of the terrain, such as 
forest and vegetation or bare rock 
and soil. Integrating these images 
requires computerized manipula- 
tion. Beyond that, the sheer volume 
of photos requires some method 
for computers to alert humans to 
significant patterns in photos call- 
ing for examination. 

Although handling this enor- 
mous volume of data is a formid- 
able challenge, the potential re- 
wards are worth it. Among other 
things, the LANDSAT program 
may lead to the discovery of new 
mineral resources, the detection of 
disease in crops, and, ultimately, 
the prediction of food harvests on a 
global scale so that mankind can 
at least have the opportunity to 
plan for shortages and surpluses 
and act accordingly. Group C-8 is 
now enhancing and geometrically 
correcting LANDSAT images in 
collaboration with Dick Vogel, 
(2-10, in implementing a program 
for assessing the impact ol develop- 
ing energy resources, such as coal 
and shale deposits, for the Rocky 
Mountain states. 

Whatever the future holds for 
computcrircd image enhancement, 
restoration, and analysis, the “sur- 
geons” of Group C-8 will be in- 
volved, devising new and ever more 
sophisticated ways to bring out in- 
distinct photographic data that 
modcrn investigators need to know. 

setting the lens focus. 
To illustrate the latter, Group 

C-8 deliberately blurred a photo of 
lettering and “test pattern” lines. 
Yet, by processing the photo by 
computer, the edges of the lettering 
and lines were made conspicuously 
sharper. “We can’t restore all de- 
tail lost in a blurred photo,” Can- 
non says, “but we can restore much 
of it and come up  with a photo 
that is surprising in its sharpness 
and quite useful from the point of 
its information content.” 

Another type of manipulation 
that Group C-8 can make, usually 
handled by George Wccksung, is in 
the geometric alteration of the per- 
spective ol a photo. In  effect, the 
computer moves some digital points 
to new positions to create the illu- 
sion that the photo was taken from 
another camera position. I n  other 
cases, distortions are inherent in the 
electronics of satellite scanning sys- 
tcms; Group C-8 makes the neces- 
sary corrections. 

Some of the more recent appli- 
cations of image enhancement and 
alteration have been in biomed- 
icine. A single x-ray image of dental 
features generally cannot delineate 
detail of both internal tooth struc- 
ture in hard material and the struc- 
ture of soft surrounding gums. Don 
Janney, Jocl Trussell, or Rosemary 
O’Connor can set u p  a program to 
enhance detail in both areas of in- 
terest, a capability of great poten- 
tial usefulness to the oral surgeon. 
And Dick Kruger is involved in en- 
hancing electron microphotos of 
human cells for Sam Boycr of 
Johns Hopkins University to show 
the distribution of fetal hcmo- 
globin within cells. Hemoglobin is 
the oxygen-carrying substance in 
blood; some of it is “inherited” 
from the mother before birth, rc- 
mains in the body throughout life, 
and is believed to be a carrier of 
genetic codes. Among the special 
challenges of this particular projcct 
is establishing a circular outline 
representing cell boundaries. On  
the original film there is no  dis- 
cernible boundary in the gray 
“smudge.” The  computer deter- 
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Pibovu left, a i  c-onrputer-pior t b s d  iadiclgrtrph of an  artillery shell i s  virtually impossiblc 
tu rccrd for tiny ctii voids. A sctorrd p i w x s s i r i y  dcfincs void regions iii the photo above 
cotiter. A siinilar techniqtie ic> I J S C ~ ~  in L)iotnc?disnl loscarch, a5 shown in the series of 
phOt05,  top to tmtlom, i-rf right. Ail rrritilorly-protlucing cell getieratcs trround it a 
:,ubstancc h i  cximticis. Tlie otnputot draws in hrwnrlarics at  various stages in the 
su hsfuiize's $1 t uwtl i, 
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out-of-thts-world energy for space and earth 
A space ship approaches an orbit- 

ing satellite and signals a command 
to-it. Moments later, the satellite 
flashes an intense beam of laser 
light to the spaceship, giving it a 
massive transiusion of energy. In  
the background, the moon looms 
large enough so that a lunar basc is 
discernible. I n  the colony livc 5,000 
or more people, their energy needs 
met by a highly efficient 10-mega- 
watt reactor so compact that it oc- 
cupies less than half the volume of 
a typical school classroom. 

It all may sound like a scene 
irom a Star T r r k  T V  episode. Yet, 
to the National Aeronautics and 
Space Administration (NASA), at 
least some of the elements 01 the 
scene arc realistic possibilities, 
which is why that agency is support- 
ing a program for the development 
of gaseous-core reactors and nuclear- 
pumped lasers. Much of this work 
is being done by Group R-5, whose 

hardwarc includes some of the 
equipmcnt salvaged from thc de- 
lunct LASL program for nuclear 
propulsion in space (Project 
Rover). 

In  addition to thc applications 
that gaseous-core reactors and nu- 
clear-pumped lasers may find in 
space, NASA sees some attractive 
potential benefits on carth as well. 
Some of tliesc might bc high effi- 
ciency (due in part to high temper- 
ature operation), more easily han- 
dled fuel because it would be in a 
liquid or gaseous state, and substan- 
tially reduced radioactive-waste 
hantlling problems. In addition, the 
gascous-corc reactor could be a 
breeder reactor producing more 
fucl than it consumes. 

Because commercial reactors use 
solid iuel, not everyone realiLes that 
iuel for reactors can also be liquid 
or gaseous, as Gordon Hansen, R-5 
group leader, points out. One of 

the world’s first reactors, the Water 
Boiler, built at Los Alamos during 
World War 11, operated on liquid 
fuel, and gaseous-core reactors have 
been studied by NASA as a means 
of rocket propulsion since the 
1950’s. In  simplest terms, it does 
not matter whether uranium-235 
atoms are in solid, liquid, or gas- 
eous form so long as enough of 
them are assembled in a critical 
mass to initiatc and maintain the 
fission process. 

T h e  first Laboratory gaseous- 
core reactor, cngineered by Roger 
White and Bill Bernard and now 
being operated by George Jarvis, 
Dave Barton, and Dallas Clayton, 
all I<-5, is a relatively simple device 
consisting mainly of a chamber and 
a static charge of gas. More sophis- 
ticated models lie ahead. Future 
models would incorporate a closed 
circulating systcm with subsystems 
for cooling and storing the gaseous 



Dave Burton, K-5, scated, (left) and Gordon Huriren, R-5 group leader, standing, watch 
closod-circuit TV sliowirig u guseous-core renctor iii a nearby ”kiva’’ a5 George darvis, 
R-5, turns a haiiclle which rotates a contra! rod iii the reactor. Experiments are now 
beiiig condurted with static gas; f ~ i t ~ r t t  experinrents call for insre sophisticated and 
powerful reaidtors with circulaiing sy.; tctris. 

NASA’s pi.og.r;iin iiiight I)(: ;I reactor 
11i;il docs ~ O I .  usc gis at. ill], scicint.i- 
ficiilly spciikiiig, 1 1 ~ 1 ,  p r c  uranium 
~)lasiii;t. l’liisiiia coiisisis 0 1  atoms 
froiii wli icli the c1cc1ro.n shclls have 
t)ccii stripped by  cxtrciiicly high 
i cnipcraturcs; the propcrtics or a 
phsni i t  ;u-c so clilrci-ciit from those 

p1;isin;i I O  1)c ;I 1our1.h state of: 
iii;itt,ci-. Its IN! in a i-e;ict.or’ may 
i - csd t  in  ;in cfficicnicy of 6.5 pcr cciit 
or rnorr.. ‘I’hc ~.empcrati~rc o f  
plasniii is s o  grcat. that ;I cool buffer 
gas, such iis argoii, would be in- 
jcrt cd to  “liiie” lhc c:liamber walls 
to 1)r’otccl. tlicni €ro’in tho intense 
li(:al* 

Fission Plus Laser Equal Power 
Sincc lasers were irivcnted in 

1960, tirc list of lasing inciliit hits 
cxpa~itlccl treincndoiisly, but mcdi- 
o d s  for p i i p i i i g  Iascrs hiwc in- 
volvctl citlicr pliotoiis or elcictrons. 
l’uinpiiig is the act of applying 
ciicrgy to thc lasing medium in 
ordcr 1 0  ,jar clcctrons to new orbits 

;I gas tliiit plrysici 



(the atoms or molecules are then 
said to be in an excited state). 
When the electrons snap back to 
their normal orbits, either spon- 
taneously or by stimulation, they 
release energy as photons, which 
constitute the laser light. 

In 1972, Helmick, Tom Wimett, 
and Bob Wagner, all K-5, believed 
that lasers could be pumped in 
another way-by fission fragments- 
and conducted some experiments 
that seemed to support this hypoth- 
esis. I n  1975, using LASL’s Godiva 
fast-burst reactor as the energy 
source and a helium-xenon gas 
laser, they produced true lasing. 
Neutrons from the reactor inter- 
acted with uranium foil lining the 
laser cavity to produce fission frag- 
ments that in turn accomplished 
the pumping process in the gas. 
Anaiysis showed that the laser light 
produced had a 3-5-micrometer 
wavelength (in the infrared spec- 
trum). 

Today, the experiments go on at 
Paiarito Site as the Godiva reactor 

Above, Luther Lowry (foreground) and Roger White, both R-5, 
move a canister of gaseous fuel under an experimental reactor. 
Below, the canister is in position to be raised into the reactor, 
whose moderating materials and control rods in its walls will 
regulate fission. 

(so named because it is “bare,” i.e., 
without shielding) is used by Paul 
Bird, Chuck Mansfield, both R-5, 
Helmick, Wimett, and Wagner to 
produce very short but intense 
bursts of neutrons to pump glass, 
liquid, and gas lasers; the latter are 
being tested with a number of gas 
mixtures. The laser light produced 
is reflected by 4 mirrors through a 
small labyrinth of cement-block 
walls (to provide shielding) into a 
room where the lasing effect is re- 
corded. 

Although valuable as a research 
technique, this method of laser 
pumping is not notably efficient. 
Only a small fraction of the neu- 
trons emitted by the nearby reactor 
enter into the lasing process, and 
there are further losses in the vari- 
ous interactions. What really ex- 
cites Group K-5 is an as yet untried 
concept that would produce unpre- 
cedented efficiency: the mixture of 
both the fissioning gas and lasing 
gas in one stream. Now, with all of 
the actions and interactions bottled 
up, so to speak, few of the neutrons 
and fission iragments are “wasted”; 



Above, Uerf. Hclrniek, K-5 alternnie leader, Chuck Matisfield, H-5, 
F~C)QJC Rudda, wrurncr stuclerii, and Puul Bird, R-5, prcpare a 
lasci~ ccrvity for uti experimctit. The Focliva fasf-bursi rcactor in 
back oi thcin will Inter release ireutrons that will react with thc 
ccrvity liriing to produce fissiarr fragments to pump the laser. 



short subjects 
Honors: Harold Agnew, Director, has been ap- 

pointed by Governor Jerry Apodaca to serve as 
state chairman of Action for Education, a state- 
wide effort to promote support of New Mexico’s 
colleges and universities through a $25 million 
bond issue to be voted on in November, 1976. 
Agnelv will be appointing committees, composed 
of alumni and friends of the universities, to work 
for the bond issue in each county of the state. 

Morton M. Kligerman, assistant director for 
radiation therapy and director of the University 
of New RIexico Cancer Kesearch and Treatment  
Center, has been elected first vice president and a 
member of the executive committee for the 
American Kadium Society. 

Richard J. Bohl, L-DO, will serve as a member 
of the National Bureau of Standards’ speakers 
bureau on metric information. 

Evan Campbell, H-5 alternate group leader, has 
been elected to a one-year term as president of 
the American Industrial Hygiene Association. 

William Briscoe, E-DOR, has received the Out-  
standing Engineer Award of the Los Alamos Sec- 
tion of the Institute of Electrical and Electronic 
Engineers. 

@=!+ 

An Applied Photochemistry (AP) Division was 
formed at LASL on July 1, with C. Paul  Robin- 
son as division leader and Reed J. Jensen, alter- 
nate division leader. 

T h e  division will do  laser isotope separation 
research that previously was done in the Labora- 
tory’s Laser Research and Technology (L) Divi- 
sion. 

L-Division will continue laser fusion research 
with emphasis on military applications and energy 
production. Keith Boyer will continue as division 
leader and will assume a new post as LASL as- 
sistant director for advanced technologies. 

4b 
Arthur  Sayer, retired and formerly 5-14, re- 

ceived a 30-year service pin. His name was inad- 
vertently omitted from a list of service pin recip- 
ients furnished to T h e  Atom. 

Many of the pioneers of computer science at- 
tended a five-day international research confer- 
ence at LASL in J u n e  on the history of com- 
puting. T h e  conference, first of its kind, was 
jointly sponsored by the National Science Foun- 
dation and LASL. T h e  primary purpose of the 
conference was to record as “living history” dis- 
cussions among the pioneers in the field of elec- 
tronic computing. 

@ 
Retirements: Jesse Clark, P-9, technician; Wil- 

liam Scott, SD-5, laboratory machinist; Milo 
Smith, SD-5, laboratory machinist; John Carmi- 
chael, CMB-11, special process technician; Anna 
Fojtik, H-DO, property representative; Glen 
Barber, 1 - 1  2, mechanical technician; Neva Rober- 
son, PER-6, alternate group leader; Donald Nuck- 
olls, CMB-6, technologist; John Stahl, CMB-11, 
senior designer; Glenn Vogt, ENG-4, area coordi- 
nator; William Campbell, H-5, chemical techni- 
cian; Filmore Criss, CMB-3, staff member; John 
Schulte, CMB-14, staff member; Morris Milligan, 
H-5, staff member; George Hanawalt, E-2, elec- 
tronics technician; Melvin Berrett, ENG-4, ser- 
vice specialist mechanic; Paul  Flynn, H-2, staff 
member and alternate group leader; Robert  Gib- 
ney, CMB-8, staff member; Allen Hasty, CMB-AP, 
administrative supervisor; Clement Meyer, 
CMB- 1, chemical technician; Wendell  Biggers, 
J -DOT,  staff member; Robert  Holm, L-9, elec- 
tronics technician; Ramon  Martinez, CMB-9, 
senior foundry technician; Claude Edwards, SD-5, 
development machinist. 

Deaths: Dorsey Dunagan, CNC-11, technician; 
Alfonso Le Roy Martinez, SP-3, storesman. 

@ 
From ERDA: Donald Kerr, Q-Division alter- 

nate leader, has been named deputy manager, 
Nevada Operations Office, and is expected to 
begin his new job in August. Kerr has been with 
LASL since 1966 and assumed the alternate divi- 
sion leader post in 1975. 

@ 
George Baker, Jr., T-11, will spend a year’s 

leave of absence, beginning this fall, working at 
the French Atomic Energy Commission’s Saclay 
Laboratory near Paris. H e  will work with mem- 
bers of the Theoretical Physics Department on  
problems of materials theory and scattering 
physics and on  special techniques of mathematical 
approximation theory. 
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Jan McDonald directed the Los Alamos 
High School Band in concert for the 
listening pleasure of celebrants at 
Ashley Pond, above left. The 
bicentennial seal was attached to a 
wall at Fuller Lodge, above right, and 
new and old dress styles were modeled 
by Amanda Ford and Sean Manning, 
right. Picnics at the pond were popular 
on the Fourth, below, as was the arts 
and crafts fair, left, where Janice Muir 
shows a piece of clay ware to Anna 
Brandell. 
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Hundreds of childrcrr partkipcited in a pwtadc to saluie 
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I ~ J S  Alamos, 2hcwe. 



LASL Group Studies Sun 
By Johnnie S. Martinez 

T w o  long years of preparation 
for 200 seconds of scientific observa- 
tion time arc far from enticing odds 
for anyone tempted to get into the 
solar exploration work being con- 
ducted by members of the Los 
Alamos Scientific Laboratory’s P-4 
(Space Physics) si-oup. 

The odds are particularly unat- 
tractive when one realizes those 200 
seconds are dependent upon the 
good behavior of a cantankerous 
sounding-rocket system. These, 
however, are the circumstances 
faced by Richard Blake and his 
colleagues as they accumulate their 
precious bits of information about 
earth’s life-giving star. 

The  goal is an increased knowl- 
edge and understanding of the sun 
-at once a source of energy and po- 

tential problem for the effect it can 
have on the earth’s environment. 
The means used to obtain this 
knowledge border on the incred- 
ible, considering the time spent in 
preparing for a rocket flight that 
can provide only seconds of obser- 
vation time and also stands a very 
good chance of failing entirely for 
reasons usually beyond control of 
the experimenters. 

Specifically, the P-4 team is con- 
centrating on studies of the solar 
activity cycle, origin of the solar 
Chromosphere and corona, the 
solar wind, the abundances of vari- 
ous elements in the solar atmos- 
phere and wind, and the relations 
of all these phcnomcna to the sun’s 
convection layer and magnetic field 
patterns. 

Part of the team, including 
Richard Blake, Anthony Burek, 

Dwight Barrus, Edward Fenimore, 
and James Bergey, is using rocket 
flights and, if the rare opportunity 
presents itself, will use satellite ex- 
periments to measure solar x rays 
and extreme ultraviolet radiation 
that together carry most of the 
available information about the 
corona and high chromosphere. 

According to Blake, many pieces 
ol evidence have come together that 
show how small changes in total 
solar radiation or its spectral dis- 

Getting enough exercise was no prob- 
lem for the LASL researchers while at  
the White Sands Missile Range. The 
myriad of tests, checks, double-checks, 
and adjustments required before a 
rocket launch kept Richard Blake and 
his colleagues clambering up and 
down the launch tower. 
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its booster okayed, and the en- 
tire assembly is “pointed” in the 
right direction can the rocket be 
launched. 

Unlike the almost leisurely rate 
at which a large, manned rocket 
appears to gain altitude, an Aero- 
bee sounding-rocket and the Nike 
booster to which it is attached will 
explode to life and scream up  into 
the atmosphere almost faster than 
the eye can follow. 

Within 5 to 10 seconds, the Nike 
booster will have pushed the 
missile out of sight and hearing 
range. At an altitude of 5 miles (8 
kilometers), the Aerobee rocket, 
which burns simultaneously with 
the Nike, will advance away from 
the now-exhausted booster that will 
fall back to earth within the missile 
range. One hundred seconds from 
launch, the Aerobee and its pay- 
load will have been thrust to an 
altitude of 75 miles (120 kilometers) 
and observations of solar x-ray 
spectra can commence. 

For a grand total of 200 seconds, 
the payload’s electronic attention 
will be focused on the sunspot re- 
gion and measurements can be 
made of the x rays being emitted 

by the boiling storm just above the 
suiface of the sun. 

These high resolution spectral 
studies of x-ray emissions have been 
designed to reveal information 
about the ion temperature and 
electron temperatures and densities 
of earth’s nearest star. According to 
P-4 researchers, better and better 
resolution is the name of the game 
in obtaining this information, and 
additional experiments that include 
the recording of spectroheliograms 
or images of the sun in the spectral 
transmission lines of neon 10, sili- 
con I S ,  and iron 17 are being 
planned for thc February 1977 
High t . 

‘The P-4 researchers have had 
their share of problems with the 
program, which is understandable 
considering the many difficult re- 
quirements of a successful rocket 
flight. 

The first Hight, in October 1974, 
lailetl to bring back any data be- 
cause of difficulties with the rocket’s 
guidance system. 

The  most recent flight, that of 
March 1976, proceeded flawlessly. 
The  payloact had parachuted safely 
back to earth but then was dropped 

Like nervous athletes waiting in a 
locker room to take the field, LASL’s 
P-4 experimenters and their Solar 
Pointed Aerobee Rocket Control Sys- 
tem (SPARCS) supporters from the 
National Aeronautics and Space Ad- 
ministration go over plans, make final 
adiustments, joke, pace the floor, and 
otherwise wait for the moment that 
will determine the success or failure of 
2 years’ work. From left: Ed Fenimore 
of LASL converses with SPARCS mis- 
sion chief Jim Van Ess (seated), While 
SPARCS instrumentation engineer Hugh 
Dee paces, Richard Blake, Tony Burek, 
and James Bergey (all LASL P-4) ob- 
serve the preparations. 

about 20 feet to the desert floor 
from the Army recovery helicopter. 

Enthusiasm and belief in the im- 
portance of the difficult-to-attain 
information appears to be the key 
to the P-4 team’s ability to bear up 
under these odds. 

“Solar processes,” Blake explains, 
“are linked together by the nature 
of the sun’s structure from deep 
interior to the outer atmosphere. 
Earth’s climate and environment, 
extending from surface phenomena 
through the atmosphere and on 
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After years of preparation for an experiment, 
thc time arrives when ull is ready nnd the 
resixwcliers can do nothing inore but leave the 
lrrurich tower arid enter the ”blockhouse,” or 
ItrunLh control building, for the countdown. 
Wiihin minutes, the silent lciuncli pad will shake 
with the roar of an Aerobee rocket and Nike 
boiiskcr pushing their payload toward thc sun. 



Photo Shorts 
Big things were on the move around 10s 
Alamos in recent months. At top left, a 
modular office from TA-55 is lowered to 
a new sire at  TA-46. Instead of disassem- 
bling the 2 sections and reassembling a t  
the new site, the "whole kit and ka- 
boodle" was moved on a special strong- 
back trailer, saving an estimated $8,785 
with even greater savings anticipated for 
5 other similar buildings scheduled for 
relocation. 
At center left, 1 of 2 sections of a heat 
exchanger, weighing 24 tons, arrives at  
the Fenton Hill geothermal site in early 
June. A piping system is now being con- 
structed to which the heat exchanger will 
be connected late this year or early next 
year for heat-output and other measure- 
ments. 
At bottom left, a 62-ton power supply, 
which had earlier arrived in Oakland, 
Calif., via barge from Kwajalein Island, 
neared the end of a 1-week overland 
journey as it approached Los Alamos and 
its ultimate "home" at the Laboratory's 
Intense Neutron Source now under conl- 
struction (The Atom, May-June 1976). 

Smoke from a forest fire in June in the 
Jemez Mountains floats over the San 
ldlefonso area. The fire, believed to have 
been started by humans, came within 2 
to 3 miles of the LASL Geothermal 
Project near Fenton Hill, but a change in 
wind direction prevented the fire's ad- 
vance to the site. Several thousand acres 
were burned by the flames, driven by 
strong winds. 





ernors of Indian pueblos, and field 
trips to archaeological sites in the 
United States, Mexico, and Guate- 
mala. 

Chaco Canyon particularly in- 
terested him. He felt that the 
Chacoans probably used a sophisti- 
catcd form of astronomy to reckon 
time and predict celestial events, 
such as cclipses. His feelings were 
rcinforced by the generally accepted 
current belief that the Chacoans, 
or at least an elite of priests and 
traders among them, were an off- 
shoot of an advanced civilization in 
Mexico, the most likcly being the 
Toltec. And the Toltecs, Morgan 
knew, had practiced astronomy and 
developed an accurate calendar. IL 
seemed only logical to Morgan that 
the Chacoans, too, would have pos- 
sessed and used at least some of this 
knowledge. 

But no one has ever unearthed 
any hard evidence to support this 
conjecture. The  Chacoans had no  
written language which might have 
described their astronomical prac- 
tices. Because of this, most profes- 
sionals involved in Chacoan research 
and with whom Morgan has talked 
give scant credence to the theory. 

Morgan decided to investigate 
independently. If he could not 
prove his theory scientifically, per- 
haps he could at least develop some 
plausible hypotheses. After studying 
how other ancient people, such as 
those at Stonehenge in England, 
may have practiced astronomy, and 
poring over astronomical rccords 
and tables, Morgan, in 1972, felt 
ready to revisit Chaco Canyon and 
make careful observations. 

The Kiva as a Computer 

There arc 3 great kivas at Chaco 
Canyon. One is at Pueblo Bonito. 
Another is at Chetro Kcttle, a prin- 
cipal apartment-town stone edifice 
which, while smaller than Pueblo 
Bonito, is equally advanced in arch- 
itecture. The third is the famous 
Casa Rinconada, which was an 
impressive “temple” and gathering 
place for the tribes and clans oc 
the canyon. In each of thc 3 great 
kivas, a conspicuous feature is a 

number of niches, or holes, in the 
cylindrical stone walls. Almost 
everyone presumes they were built 
simply to hold religious objects, 
such as fetishes, and nothing more. 

But after making some measure- 
ments and puzzling over the niches’ 
peculiarities, Morgan was not dis- 
posed to dismiss them quite so 
lightly. 

At the Chetro Kettle kiva, Mor- 
gan counted 29 large niches. Why 
291 Morgan wondered. That  is an 
awkward number to divide for 
angular spacing and nothing in his 
research had revealed any religious 
significance to the number. There 
are also 2 small niches “squeezed 
in” between 2 of the large niches. 

Common sense told him that 
people rarely did things without 
reason. His mind searched for a 
possible correlation between the 
29 niches and astronomical periods, 
and he found it in the lunar month. 
There are approximately 29 sun- 
rises in a lunar month. 

Now Morgan could visualize 
priests tallying the sunrises in a 
lunar month simply by moving an 
object from one niche tom the next 
every day. And since there are only 
approximately 28 moonrises in a 
lunar month, it would have been 
a simple matter for the priests to 
movc another marker for moonrises 
from niche to niche, but skipping 
thc 29th niche. 

Although he believed he was on 
the right track, Morgan felt he had 
not taken his deductions far 
enough. The  actual periodicity of 
the moon did not jibe closely 
enough with the niche theory for 
his taste. “I felt that an advanced 
civilintion would have known that 
thc lunar period was not exactly 
29 days, but 291/, days. Then it 
dawned on me that the small extra 
niches could have provided a nearly 
perlect mcthod for compensating 
for this discrepancy,” Morgan says. 

Morgan now visualized only a 
slightly more complicated, but im- 
mensely more accurate, procedure. 
During the first month of a 2-month 
period, the priests would have 
simply moved the markers as Mor- 

gan had initially supposed. But dur- 
ing the second month, the priests 
would have rested the markers in 
one of the small niches to add an 
extra count. In  this way, the count 
of niches would have been alter- 
nately 29 and 30, averaging 291/,, 
for the sunrise counter and alter- 
nately 28 and 29, averaging 281/, 
for the moonrise counter. This 
synchronizes well with the nominal 
29.53 sunrises and 28.53 moonrises 
in each lunar month. The  kiva 
would have served both as a m e m  
ory and as a computer averaging 
the counts to correspond to the 
lunar cyclc. 

Wlhen the Moon Swallows the Sun 

Continuing his cogitations on the 
niches, Morgan wondered why the 
2 small niches had been squeezed 
in between the 5th and 6th large 
niches. Why not between the 7th 
and 8th or the 25th and 26th, for 
that matter? Was there an astro- 
nomical cycle that would “fit” the 
extra niches? 

And in a line of parallel musing, 
he wondered what astronomical 
activities would have been most 
useful to his presumed caste of 
priest-astronomers. One of the most 
important, he thought, would be 
the prediction of solar and lunar 
eclipses. Such a capability for 
prophecy, he reasoned, would have 
made the priests seem omniscient 
to the unlearned. 

An investigation of eclipse 
records revealed a 41-lunar-month 
cycle ol’ six 6-month periods plus 
one 5-month period. Could the 5 
segrcgated niches be used to count 
this cycle? 

In deducing his answer, Morgan 
recalled that somc advanced Cen- 
tral American civiliations had 
used the zero as a cipher. He as- 
sumed that the Chacoans also used 
thc zero as a cipher. On this basis, 
he visualized moving a special 
eclipse marker through the 5 large 
niches lor each lunar month, after 
which the marker would be re- 
moved for a month to account for 
the iero month of each eclipse 
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Abevc Icft, Jim Moryan, CMB-5, tmcisures niches in Chetro Kettle’s great kivcr, above right. H e  re- 
late!# the 29 niches tbrero PO t h e  Iuiiar cycle. Below loft, Morgan takcs compass bcmrings at sunrise 
towcirtl distunt laridtrrarlts Fioiii whcm a tovvw is belicved tcj have once stood ut Chefre, Kettle. Below 
righi is a photo Morgun book hwni thr? same loccition on the day of the wintcr solstice in 1972. Align- 
ment of thc rising sun hi the distinciive notch rnuy be more than coincidental, Motgnn feels. 

;tilt1 rituals liiiving prevented it  if  
i t o  cclipsc wcic visildc ai Chco ,  or, 
il a 1 1  et l i iw did occur oil schctliilc, 
tlicy coultl have clainicd that their 
‘‘iiit*dic i iw” icvivccl the sun or inoon 
in diic linic. 

Tho Riddle of 34 Niches 

llotli tlic l’iicl~lo Ilonito kiva arid 
C c t u  Rint oii;ida have iiot 29, but 
34 regular iiiclics, plus 2 extra 
nitlics. l lcrc Morg;m’s liypothcsis 
is i i o ~  quile 5 0  nc;it, is more in- 
volved, yct suggcsi5 a somewhat 
iiiore sopliisi i t  ;itrd “computer” 
syslcln. 

I IC sug!;cstc that oiic lundamen- 
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tal usage of these niches would be 
eclipse prediction on a longer time 
scale. In  these kivas, the last 3 
niches, numbers 32, 33, and 34, are 
uniquely positioned and suggest a 
special significance. Had the month- 
counting marker been passed once 
regularly through these niches and 
then recycled through the same 3 
niches, they would have, in effect, 
addcd 6 more counts to the overall 
sequence. This, together with a 
single use of the small niche, would 
have generated the 41 counts re- 
quired to match exactly the 41- 
lunar-month eclipse cycle. There- 
fore, by painting or otherwise iden- 
tifying the proper niches (numbers 
6, 12, 18, 24, 30, 36 and 41), an 
eclipse possibility would have been 
indicated for the new and full 
moons of each month in which the 
marker resided in a specially identi- 
fied niche. 

I n  like manner, Morgan has ex- 

planations for how the niches could 
have been used for predicting the 
appearance and disappearance of 
Venus as a morning or evening 
“star.” Venus is prominent in most 
Indian mythology. One Toltec be- 
lief was that the deified Quetzal- 
coati ascended to become Venus. 

And Morgan has other models 
showing alternate methods of tally- 
ing and computation, such as for 
the original 10-niche Chetro Kettle 
kiva which was razed to allow the 
building of the present kiva. 

He also has, by on-site observa- 
tion, noted various alignments of 
windows and doorways to niches 
and between niches and has found 
relationships to solstice azimuths 
that he feels are more than coinci- 
dental. T h e  solstices-those days of 
the year when the sun is at 
the northernmost and southernmost 
points on the horizon in its ap- 
parent north-south migration-are 

essential to astronomy, providing 
a precise determination of the solar 
year, among other things. Nonethe- 
less, he does not feel that the great 
kivas were observatories, but were 
computers and perhaps “seminar- 
ies” for the instruction of new gen- 
erations of priestly astronomers; 
the alignments may have been use- 
ful for training and ceremonial 
purposes. More precise observa- 
tions, he feels, could have been 
made from the mesa tops across 
vast stretches of level land to refer- 
ence points on distant mountain 
ranges. 

Astronomy as Part of l ife 

Although conceding that “hard” 
evidence may never be unearthed 
to corroborate his hypotheses, he 
feeIs he has shown that astronomy 
may have been practiced, as well 
as how it could have been practiced, 
at Chaco Canyon. 

At left, the first rays from the rising sun shine through 
the only window of the Casa Rinconada great kiva on 
July 13. The beam strikes a point just above an 
unusually placed niche as Morgan prepares to record 
its movement photographically, below left. A few 
minutes later, below, the beam, shining through the 
window (A), strikes a point level with, but a few degrees 
to the right of, the niche (6). Simple calculations show 
it would have struck the niche itself on the summer 
solstice 3 weeks earlier. 
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Armistead Named 
New Editor of 

The Atom 
John C. Armistcad has joined 

Group ISD-1 as editor of The 
Atom.  He replaces Jack Nelson 
who has rcsigned to return to free- 
lance writing and photography. 

Armistead earned his B.A. in 
journalism from Texas Tech Uni- 
versity, Lubbock, Texas, in 1971. 
He has served in a variety ol capac- 
ities on both weekly and daily ncws- 
papers in the past decade, and was 
public affairs officer for the Texas 
Department of Highways and Pub- 
lic Transportation before moving 
to Santa Fe in June. 

A U.S. Navy vcteran, he was 
editor oT a wcekly newspaper at 
the U.S. Naval Station on Kodiak 
Island, Alaska, which was judged 
best newspaper in the Navy in its 
category in 19F9. 

Armistead’s wife, Barbara, is a 
teacher at  New Mexico School for 
the Deaf, Santa Fe. 

years ago in 10s alamos 
Culled from’ the July and August, 1966, files of 

The Atom and the Los Alamos Monitor by Robert Y. Porton 

Farewell? 
It will all be over this month. T h e  last of the guests and the 

diners will cross the red-tiled threshold, somebody will lock the 
doors, and Fuller Lodge will end its 38 years as the center of a 
remarkable assortment of activities on  the Pajarito Plateau. For 
future Hill visitors, the dark confines of the old hotel will be 
replaced by the sparkling new Los Alamos Inn.  But i t  just won’t 
be the same. No  schoolboy ever carved his initials on  the new 
chairs nor received his diploma under the portal. No  Town 
Council met a t  the Inn  to discuss wartime shortages, the right to 
vote, o r  the mysterious ways of the Army. Enrico Fermi never 
slept there, neither did Niels Bohr nor Ernest Lawrence. T h e  end 
of T h e  Lodge as a hotel seems almost the biggest of many steps 
in the transformation of Los Alamos from a unique community 
of the past to a modern town of the future, 

Ceremony 
Laboratory Director Norris Bradbury and W-Division leader 

Harold Agnew attended a special ceremony at  the White  House 
August 1, commemorating the 20th anniversary of the signing of 
the Atomic Energy Act. Also present were General Leslie Groves, 
who was director of the Manliattan District during the early days 
of the Laboratory; I. I. Rabi,  Nobel Laureate; William L. Laur- 
ence, a New York Times reporter who chronicled the Trini ty  
Test ;  and all members of the Jo in t  Congressional Committee on  
Atomic Energy. 

Republicans Back Carter 
Several Los Alamos Republicans attended the July 8 opening 

of the Carter for U.S. Senate state headquarters in Albuquerque. 
According to Toby Seger, Los Alamos coordinator for the state 
candidates, the campaign for the Senate will be a long and hard- 
fought one. H e  says Anderson Carter, the G.O.P. candidate, is a 
young man with ideas and that he intends to take his campaign 
directly to the people of the state. 
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Elttier t i  Sfacr Is, Comptroller General 
of the Unitod Siates, and Frank Di. 
h r i c ~ ,  assistwit to the t)ir,cctor fo: 
plunning, right, visii in hi. rnintite:; 
L:ic!fo irc co in ii ieii c erne tit of ti J u ne 
cdioqkriuiii (:ti which Staats  spoke 011 

"Recctit. Devc?li:ipt iients in !k ic rice u t i c 1  

Tectlnc:'locJy: I " r o 4 p s s  and E:onct:rns." 

S. V/,illiutn ( ~ C I ~ J W ,  fRDh cleputy us- 
sistcmt udrniriiisi.rcitur For fossil energy, 
visited LASL in  June c i r i d  is  shown in 
tile ariulyticriH clienii!;iry Iaboraiory in 
tlie t3MR buil'ditrg. With Gouse ore E. 
A. Haltkiln, CklU-I, lcft, (31enn Water- 
I:iury, CME.1 group loader, bock- 
gtounil, uncl R i c l i a r c l  D. Baker, CMif 
division Iccidor, c'enteu'. 



David Saxon, above. 
Mrs. Dean Watkins, below. 

Mrs. David Saxon, above. 
Earl Willens, below 

Mrs. Edward Morris, below. Edward Morris, below. 

Why Are  
These People 

S m a 1 a ng? 
They’re smiling with surprise 

and perhaps just a bit of trepida- 
tion because they’re holding, some- 
what gingerly, a sample of warm 
plutonium handed to them by 
Laboratory Director Harold Agnew 
during the group’s recent Labora- 
tory visit. Although the members 
of the group all knew that pluton- 
ium, when properly processed, 
formed, and encapsulated, is a per- 
fectly safe material, there is nothing 
like a “first-hand” experience such 
as this to underscore the point. 

The  group, which visited the 
Laboratory on June 10 and 11, was 
a distinguished one: Regents and 
officials of the University of Cali- 
fornia and their wives. They re- 
ceived an overview of Laboratory 
activities during 2 days of presen- 
tations, discussions, tours, lunch- 
eons, and dinners. T h e  Laboratory’s 
guests were: 

Dr. John H. Lawrence, Regent; 
Mr. and Mrs. Edward Morris, 

Regent and President o j  the 
University of California Alum- 
ni Associa tion; 

Regent and President of the 
University; 

Mr. Earl P. Willens, Regent Des- 
ignate; 

Mr. and Mrs. Donald L. Reid- 
haar, Chief Counsel of the 
Regents; 

Dr. John A. Perkins, Vice Presi- 
dent, Business and Finance; 

Dr. Edward E. Teller, Professor 
Emeritus; 

Dr. Glenn Campbell, Regent; 
Dr. and Mrs. Dean A. Watkins, 

Dr. and Mrs. David S. Saxon, 

Regent. 


